(1) Narrowness of the early-diastolic and presystolic peaks on the echo curve of the anterior mitral leaflet and an abnormal step formation at the middle or higher level on the descending limb of the presystolic peak were observed in 7 cases with congestive cardiomyopathy or myocardial fibrosis, 1 case with myocardial infarction, and I case with cardiomyopathy due to progressive muscular dystrophy.
(1) Narrowness of the early-diastolic and presystolic peaks on the echo curve of the anterior mitral leaflet and an abnormal step formation at the middle or higher level on the descending limb of the presystolic peak were observed in 7 cases with congestive cardiomyopathy or myocardial fibrosis, 1 case with myocardial infarction, and I case with cardiomyopathy due to progressive muscular dystrophy.
(2) This abnormal pattern is considered to be closely related to the myocardial condition in the above-mentioned diseases.
(3) Probable mechanisms for this pattern formation are considered as folllows: (i) a sudden reduction of distensibility of the left ventricle after filling of the ventricle over a certain limit near full-filling, and impaired ventricular contractility, (ii) restriction in the mobility of the mitral valve and its chordae due to their inability to adapt themselves to a developed dilatation of the left ventricle.
(4) A similar presystolic step formation on the echo curve of the anterior mitral leaflet was observed in 3 of 25 cases of hypertrophic cardiomyopathy of Goodwin's sense. Differences between the myocardial state in congestive cardiomyopathy or in similar myocardial diseases and that in hypertrophic cardiomyopathy were also discussed. 2) This unusual pattern consists of narrowness of the early-diastolic and presystolic peaks and a step formation on the descending limb of the presystolic peak of the mitral echo curve.2) Regarding the presystolic step formation some other authors have referred to in cases of arteriosclerotic heart disease,3) hypertrophic cardiomyopathy,4) and myocardial infarction.5) In general, the configuration of the mitral echo curve is found to be closely related to cardiac function. In the present study an attempt was made to analyse the significance of the unusual pattern in the echocardiogram of the formerly reported cases together with 5 cases recently experienced involving 3 cases of hypertrophic cardiomyopathy1) in which the presystolic step formation was observed without narrowness of the early-diastolic peak. In 3 of the present cases of congestive cardiomyopathy the ultrasonocardiotomography (twodimensional echocardiography) was performed as an aid for the study. (Table I) .
METHOD
The equipments used were a Toshiba Sonoscope SSA-03B with a 2MHz 10mm-diameter transducer of 400Hz in pulse repetition rate, and an Aloka SSD-30B with a 2.25MHz 10mm-diameter transducer of 1500Hz in pulse repetition rate. The images on the screen of a cathode ray tube were photographed on Polaroid films.
The examinees were in a supine position. The transducer was manually operated on the chest wall in the routine way of detecting the mitral valve.6),7)
The width of the early-diastolic peak on the anterior mitral echo curve was measured at the level of termination of the descending limb of this peak, and that of the presystolic peak at the level of the beginning of the ascending limb.
The measurements were also performed in 10 healthy subjects by way of comparison.
RESULTS
The results obtained will be introduced by presenting 2 characteristic cases.
S.S., a 31-year-old man (No.1 in Table I ): In January, 1968, this subject suffered from fever and dyspnea upon exertion. At this time cardiac enlargement was pointed out. Since then, congestive heart failure had gradually developed. He was admitted to Osaka University Hospital in June, 1970. A clinical diagnosis was given in suspect of congestive cardiomyopathy.2) After clinical rises and falls, the patient died in January, 1971. The autopsy revealed a generalized fibrosis of the myocardium.
In the mitral echo curve of this case, the early-diastolic and presystolic peaks were sharp and narrow, and a step formation was observed on the descending limb of the presystolic peak almost at the level of the mid-limb (b'-b" in Fig.1 ).
M.O., a 30-year-old man (No.10 in Table I ): He had complained of arrhythmia since 17 years old and had developed exertional dyspnea since 3 years before. He was diagnosed as hypertrophic obstructive cardiomyopathy at Osaka University Hospital. The left ventriculogram exhibited W-sign and narrowness of the left ventricle from the base to the apex, especially prominent in the mid-portion. The left ventricular pressure study revealed pressure gradients of 10mm between the subaortic to middle portions and of 70mm between the middle to apical portions.
The echocardiogram showed hypertrophy of the interventricular septum and left ventricular posterior wall, narrowness of the left ventricular dimension, a slow mitral diastolic descent and the mitral systolic hump. In addition, a step formation was noted in the middle of the descending limb of the presystolic peak of the mitral echo curve (Fig.2 ). Presystolic step formation on the descending limb of the presystolic peak of the anterior mitral echo curve in a case of hypertrophic cardiomyopathy. Presystolic step formation is observed while the early-diastolic peak is not as narrow as those in Fig.1 .
(M.O., a 30-year-old man, hypertrophic cardiomyopathy) Jap. Heart J. September, 1975 The narrowness of the early-diastolic and presystolic peaks and the presystolic step formation were observed in 9 cases of congestive cardiomyopathy or other myocardial diseases, while the presystolic step formation without narrowness of the early-diastolic peak was observed in 3 cases of hypertrophic cardiomyopathy (Table II) . Table II. Temporal Relationships between Events on the Echocardiogram and the Electrocardiogrom b: the peak of the presystolic peak, b': the bending point from the descending limb of the presystolic peak to the step, b": the bending point from the step to the limb to the complete mitral closure, b'-b": the step, c: the complete mitral closure . (see Fig.1 ) *: cases of hypertrophic cardiomyopathy.
The widths of the early-diastolic and presystolic peaks were narrower in the present 9 cases , besides 3 cases of hypertrophic cardiomyopathy, than in healthy controls (p<0.01). The Q-c interval was longer and the total excursion of the anterior mitral leaflet was smaller in the 9 cases than in healthy controls (p<0.01 and p<0.05, respectively).
The widths of the presystolic and early-diastolic peaks, the duration from the beginning of the QRS complex of the electrocardiogram to the completion of the mitral valve closure (c in Fig.1 ) and the total excursion of the echo curve were measured (Table II) . The widths of the above 2 peaks were narrower in the present 9 cases, besides 3 cases of hypertrophic cardiomyopathy, than in healthy controls (p<0.01). The Q-c interval was longer and the total excursion was smaller in the 9 cases than in healthy subjects (p<0.01 and p<0.05, respectively).
DISCUSSION
(1) Configuration of the unusual pattern The widths of the early-diastolic and presystolic peaks in the echo curve of the anterior mitral leaflet were narrow, except in 3 cases of hypertrophic cardiomyopathy (Nos.10, 11, and 12). The long Q-c interval measured from the beginning of the QRS complex to the mitral closure indicated a delayed mitral closure. A step formation was observed at a level of the middle or higher level of the descending limb of the presystolic peak. The narrow presystolic peak and the delayed mitral closure result in a surplus time between the presystolic peak and the complete mitral closure. The step seems to be formed by the combined effect of the above-mentioned surplus time and the mechanism which will be discussed in Section (2).
(2) On the mechanism of the unusual pattern The unusual pattern was observed in 7 (from No.1 to No.7) of 10 cases of congestive cardiomyopathy or myocardial fibrosis which were recently subject to echocardiographic examination in the authors' laboratory. Two other present cases (Nos.8 and 9) were also of myocardial disease. Thus, the unusual pattern is considered to be due to a common mechanism related to these myocardial conditions.
The descending limb of the early-diastolic peak on the mitral echo curve is considered to show the rebound effect from the left ventricle to the left atrium just after a rapid filling of the left ventricle.8),9) The descending limb of the presystolic peak is also produced by the rebound effect just after the expelling of the blood from the left atrium into the left ventricle by atrial contraction.10)
Firstly, responsible factors for the narrowness of the early-diastolic and presystolic peaks have to be discussed. Based on the ultrasonic findings, the following consideration was formed in interpreting the above-mentioned unusual pattern. pressure, in which the left ventricular pressure stays near the level of A wave or shows a temporary drop. They considered that the elevated atrial pressure and low diastolic compliance of the ventricular wall were responsible for this phenomenon.
According to circumstances, a straight early closure of the mitral valve due to an early rebound pressure may occur. Actually, in a case of congestive cardiomyopathy which was not listed in Table I , the anterior mitral leaflet was brought to the position of a complete closure earlier than the beginning of QRS complex in the electrocardiogram (Fig.3) . Thirdly, the delayed closure of the mitral valve represented by the prolongation of the Q-c interval seems to result from impaired myocardial contractility.
Thus, the narrowness of the early-diastolic and presystolic peaks and the presystolic step formation on the mitral echo curve can be concluded to have close relations to myocardial conditions such as myocardial fibrosis, degeneration and a similar status. However, it may not necessarily be specific only to congestive cardiomyopathy.
(3) On the mechanism of the unusual pattern suggested from the finding of the ultrasonocardiotomogram Another possible mechanism of the present abnormal pattern was also suggested from the ultrasonocardiotomogram16-18) (cross-sectional echocardiography19). In the tomogram of the heart along its long axis , the anterior mitral leaflet at its maximum opening is usually recorded close to the inter-Jap. Heart J. September, 1975 Fig. 4 .
Ultrasonocardiotomographic section of the heart in diastole along its long axis, viewed from the left, in a healthy subject. The anterior mitral leaflet rolls up in the outflow tract of the left ventricle. (T.K., a 22-year-old man, healthy) ventricular septum with a slight upward concavity18) (Fig.4) . In 3 cases (Nos. 5, 6, and 9) of the present cases, however, the anterior and posterior mitral leaflets with their chordae were recorded as almost straight echoes from the heart base to its apex even at the maximum opening (Fig.5) . These straightened echoes indicate that the length of the valve and its chordae is not conformable with the dilated ventricle, so that they are tightened and drawn towards the apex. Such finding, however, has never been observed in usual ventricular enlargement in valvular diseases.
In such condition a tension immediately develops in the valve and chordae with slight deviation of the leaflet outwards and/or inwards, playing a role to restore the leaflets to the mid-position, so that the widths of the early-diastolic and presystolic peaks become narrow and the leaflets stay at the mid-level until a strong force is produced by the ventricular contraction. The reason for the trend of the small amplitude of the mitral echo curve is also understood from the above ultrasonocardiotomogram.
The mechnism mentioned here is nothing but a speculation. It may operate alone or cooperate with the mechanisms mentioned in the preceding sections.
(4) On the presystolic step formation in cases of hypertrophic cardiomyopathy Three of 25 cases of hypertrophic cardiomyopathy2) encountered during the period of the present study also showed the presystolic step formation, while they did not exhibit narrowness of the early-diastolic peak (Nos.10, 11, and 12). Such a presystolic step formation in cases of hypertrophic cardiomyopathy was also reported by other authors.4) In general, the rate of the mitral diastolic descent tends to be slow in this disease as in the present 3 cases. This has been considered to be due to the slow diastolic inflow related to reduced compliance of the left ventricle with a thick wall throughout diastole,20) especially from the beginning of early-diastole.
Gaasch and his associates11) reported that the left ventricular index of distensibility (dV/dP) was significantly less throughout diastole in cases of inappropriate hypertrophy than in healthy subjects. Such a mechanical state in the filling phase in cases of hypertrophic cardiomyopathy seems different from that in cases of congestive cardiomyopathy or myocardial fibrosis in which the left ventricular wall is considered to be distended without difficulty by the inflow up to a certain limit in the early stage of the rapid filling phase, but then with difficulty over this limit because of its impaired distensibility due to myocardial condition. However, in the full-filled state at end-diastole the left ventricular distensibility in cases of hypertrophic cardiomyopathy was more reduced than in early-diastole11) so that the mechanical state of the left ventricular wall in the above 2 underlying diseases is considered to be similar, and may cause the presystolic step formation in unusual response to the effect of the contraction of the left atrium.
The difference of the myocardial state in diastole between 2 underlying conditions may be readily understood as follows: if the heart in diastole in healthy subjects is compared to a rubber balloon, that in hypertrophic cardiomyopathy is a rubber balloon with a thick wall, and that in congestive cardiomyopathy or myocardial fibrosis is a paper balloon.
